RESULTS

Shape Memory Polyurethane Polymer Foam Bonding Interactions and Materials Characterisation
The memory effect can be explained using the dual-component mechanism; the SMPu block copolymer network consists of two covalently linked segmentssoft and hardthat exhibit differing reversible transitions (S2). 1 Soft parts, primarily consist of a long polyol that acts as a reversible switch. At high temperature (T>Tg) they soften and deform easily due to decreased bonding and intermolecular interactions, while at low temperature (T<Tg) they become hard and glassy. The hard segments, comprising the chain extender and isocyanate, however, remain elastic across this temperature range. When the specimen is deformed to a temporary shape at high temperature, both hard and soft parts respond with greater segmental mobility and yet, upon cooling (T<Tg), the molecular chain movement in the soft segments freezes and thus, locks up the deformation in both the hard and soft segments, preventing recovery to the original shape and so, increases the entropic elastic energy. In the case of the SMPu foam, the introduction of a greater number of active functional groups from the foam formation procedure allows greater interaction between chains (e.g., hydrogen-bonding between carbonyl groups), and in this particular system, where MDI is used, there is high miscibility of hard and soft phases with smaller, more imperfectly packed hard domains. [2] [3] [4] [5] [6] [7] Upon heating, the soft segments soften further, and the whole system is free to fully recover to the original shape while releasing the stored elastic strain energy. [8] [9] [10] [11] Figure S1: Chemically cross-linked structure of the SMPu foam; showing chemical structure of the "hard" and "soft" regions in the overall structure. Figure S2 : Collated attenuated total reflectance (ATR) -FTIR spectra of thermoplastic polyurethane (TPU) and shape memory polymer polyurethane (SMPu) foams acquired under ambient conditions over 650 -4000 cm -1 . Figure S3 : Collated Raman spectra of: a) thermoplastic polyurethane (TPU) and b) shape memory polymer polyurethane (SMPu) foams, both acquired under ambient conditions (black lines) and at T<Tg (red lines) over 100 -3300 cm -1 . Figure S4 : 1 H-NMR solution spectrum of shape memory polymer polyurethane (SMPu) foam acquired in CDCl3.
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Supporting Information S6 Figure S5 : Differential Scanning Calorimetry (DSC) curves of thermoplastic polyurethane (TPU) and shape memory polyurethane (SMPu) polymer foam demonstrating glassy behavior over the tested temperature region. Figure S6 : X-ray diffraction (XRD) patterns of thermoplastic polyurethane (TPU) and shape memory polyurethane (SMPu) polymer foam, again confirming their amorphous nature. 
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